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This programme has the following test record: 
Area 
Tested with 124 children aged 10-13 in four localities 
Error rate on all frames=14-7% 
Post test score=56% 
Further tested with 43 children in two localities 
Error rate on all frames—7% 
Post test score 63% 
Error rate on published programme with 
representative population=6% Re 
Post test score=71% i 


Volume 

Validation tests and results were similar to * 
those given for Area 

Post test score—63% 

Retention test for both programmes, 

given four weeks later, 

revealed a retention figure of 58%+ 
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Introducing Discovery Programmes 
’ 


Discovery Programmes are programmed books developed by 
practising teachers. They seek to introduce fresh material, 
or to put forward traditional material in a new way; they 
are intended to be a real adjunct to the work of the teacher. 
All have been carefully tested and have proved their worth 
under classroom conditions. The texts require a reading age 
of 10-4 or above; no previous knowledge of their subjects 
is needed. 

Discovery Programmes are the fruit of experiments in 
programmed learning carried out by a group of teachers in 
the Leicestershire Education Authority. Our programmes 
were tested and re-tested in many schools in the locality, 
and the editor would like to express his appreciation of 
the help provided by the Director and Committee of the 
Leicestershire Education Authority. 


“Programmed Learning is one of the most important new 
tools teachers have at their disposal. We are only at the 
beginning of exploring its full potential and | certainly will 
not attempt to guess how far it will take us. The important 
thing is to realise that it is a tool to be used by the teacher 
and not a substitute for him. A programme has the merit of 
infinite patience and it gives its undivided attention to the 
child who is using it. If it is a good one, it is subtle in provid- 
ing the right doses of motivation.” 


Stewart C. Mason, M.A. 
Director of Education, Leicestershire 


To the Teacher 


This programme is for children in the top classes of the 
Junior School and the lower forms of the Secondary School. 
A reading age of 10 years or more is required. It is assumed 
that the pupil is able to measure and draw simple squares 
and rectangles. 

The programme on AREA comprises: 

Experiments about area 

The concept of area 

The concept of area measurement 

Application of the square inch to the measurement of 
area 

Finding the area of simple regular shapes 

Revisionary Tests | and 2 

A certain amount of simple apparatus is required. The 
following are usually available in the classroom: 

a notebook and pencil, a ruler, scissors, tracing paper, 
squared arithmetic paper, a blackboard, and a damp 
cloth. 
The pupil can usually provide: 
a penny, a small torch, a small mirror. 

The teacher may need to supply: 
thick paper or thin card 6” square, cardboard or paper 
(for making a mask—see page 6). 

The programme on VOLUME which follows that on 
AREAis devised to introduce the concept of volume rather 
than to give practice in computing it. The programme on 
VOLUME comprises: 

Experiments in volume 
Revision of area concept 
The concept of volume 
The concept of capacity 


Measurement of volume by liquid measure 
by cubic inch 
Application of cubic measurement to regular solids 
So that the pupils can perform the experiments which 

precede the programme on VOLUME, the teacher will need 
to provide: 

a balloon, a bucket, a cup, a school milk bottle, and 

some sand. 
At frame 44 in the VOLUME programme, the pupils may 
need the explanation that: 


See fe 
Papa Fo 4) hy! 
2x2xl=4 
2X2X2=8 
etc. 


The pupil will require a simple mask (a piece of paper as 
wide and as long as this page) to cover the answers. 


To the Pupil 


This is a programme. This is how it works: 


| Cut a piece of cardboard or paper just long enough and 
wide enough to cover this page from top to bottom and 
side to side, including the coloured margin. 
This we call a mask. 
Place it over the frame below this one. 
Now write in your notebook the answer to this question. 
Is the coloured margin on the right— 
l4 miles wide? l4 inches wide? 
To find out if you are right, pull down the mask until 
you can just see the answer printed in the margin. 


Mark your answer. Your answer should always be 
written down before you check it. 

This is because we LE —- -N better if we try on our own. 
| Write down the word. 
Move down the mask. 


Check your answer. 
Now you know how to use the programme. 


AREA 


Before you read and answer any question, be sure that the next 
frames are covered by your mask 


AREA 


First you need a torch and a penny. 


Find a patch of wall in a dark or shady place. Shine your 
torch on to the wall. Now hold your penny between the 
torch and the wall and move it backwards and forwards 
until you can see the shape of its shadow clearly on the 
wall. 
Now answer these questions. 

l Does the shape of the shadow cover any part of the wall? 


ANSWER 


2 Does the shape of the shadow stick out from the wall? 


Now make the shape of the shadow bigger. 

Answer these questions. 
3 Does the shape of the shadow cover more of the wall than 
before? 


Does the shadow stick out from the wall? 


Use a piece of paper and a pencil. 
Draw and shade on your paper a shape 
like the one here. 


5 Does the shape cover some of the 
surface of the paper? 


Does some of the shape stick out 
from the paper? 


7 


10 


You need a torch and a piece of card or thick paper with 
a hole cut in it. 


Shine the torch on to a flat shady wall. Hold your card in _ 


front of the torch, and move it backwards and forwards 
until you can see the shape of your hole on the wall. 
Now move your torch (or your card) about so that the 
shape on the wall gets bigger or smaller. 


As the shape gets bigger, does it cover more of the wall? 
As the shape gets bigger, does it stick out from the wall? 


Find a damp cloth and wipe a part of the blackboard with 
it. You can see a darker patch on the blackboard. 


The darker patch c part of the blackboard. 
Write out the missing word. 


Find a mirror, or a piece of flat glass. 

Put your mouth close to the mirror or glass and breathe 
on it. You will see a misty patch appear on the mirror. 
Stop breathing on the mirror and watch the patch. 


After a few minutes does the patch cover more of the 
mirror, or does it cover less? 


Does the misty patch stick out from the mirror? 


See if you can think of any other shapes like the ones you 
have just made. Remember they are shapes that cover 
something but do not stick out from it. 


9 
COVERS 
{0 


LESS 


12 Look at this picture. 
In the picture there is a shape like those you have been 
making. It covers, but does not stick out. 
Which one is it— 
(a) the balloon? (b) the string? (c) the shadow? 


13 The shapes you made were all flat. Look at the picture 


again. 
In the picture there is something that is not flat. ¥ 
Is it— 


(a) the balloon? (b) the shadow? 


A bucket is not flat; it can be filled with water. A bus 
is not flat; it can be filled with people. A box is not flat, 

it can be filled with many things. We can measure the space 
in these shapes. We say we are measuring their VOLUME. 
Which one of these shapes has VOLUME? (Which of them 
could be filled?) 


COND 


15 A box, a bucket or a bus can be filled. Shapes which are 
flat cannot be filled. They have no volume. 
Shapes which are flat cannot be filled, but they can be 
covered. We say that shapes which can be covered, but 
not filled, have AREA. 


Which of these shapes has AREA but not VOLUME ? 


AAC 


A B 


l6 Which of these shapes has VOLUME ? 
a FE: 
; k; 
Which of these shapes has only AREA ? 
B ; 
E. 


B 
Pasi 


[eZ 


20 


21 


22 


23 


24 


25 


26 


27 


If a shape can be filled we say it has v -----— i 
Write the missing word in your notebook. 


A shape that can be filled has VOLUME. 
A shape that can only be covered has - - - — . 
Write the missing word. 


If a shape has only AREA, is it a shape that can be filled? 


Which of these objects has volume— 
a shadow? 

a house? 

a patch of light? 


Which of these objects has only area— 
a loaf of bread? 

a bucket? 

a box? 

a patch of light? 


If you measured what a jug holds, would you be 
measuring area or volume? 


If you measured this page, would you measure its area or 
its volume? 


Does a shadow have volume? 
Does a ball have volume? 


A —— B 
Here is a line AB. We can measure its length with a 
ruler. We say it is so many inches long. 

Measure the line AB. How long is it? 

(a) | inch (c) 3 inches 

(b) 3 (d) 3 feet 


When we measure the LENGTH of a line we measure it 
in INCHES. ; 

When we measure the AREA of a space we cannot 
measure it in ordinary inches. 

Which of these can we measure in ordinary inches? 

(a) a line 

(b) an area 

(c) volume 

(d) weight 


We use SQUARE INCHES to measure AREA. 
Now we must find out what is meant by ‘a square inch’. 


Here is one: 


As you see, a square inch can be a square. Use a ruler and 
see howLONG one SIDE of the square is. 

Is ONE side— 

(a) 2 inches long? (c) | inch long? 

(b) 4 inches long? (d) | square inch? 


Here is a square. 

Each side measures | inch. 
Is it aSQUARE INCH? 

(a) Yes (b) No 


37. 


(c) 3 INCHES 


28 


(a) A LINE 


29 
(c) | INCH 
LONG 


31 We measure length in inches and area in square inches. 
Which of these would we measure in SQUARE INCHES ? 


A 


32 Here is a shape. Which of these 
would we use to measure its 
area? 


(a) inches (c) cubic inches 
(b) square inches (d) round inches 


33 Which of these is a square inch? 


= 
re 


(b) SQUARE 
INCHES 


38 


oD <l 


If we have a short line we measure it in inches. 

If we have a longer line we measure it in feet. 

If we have a small area we measure it in square inches. 

If we have a bigger area we measure it in SQUARE FEET. 
If we had a small cocoa tin lid, would we measure its area 
in— 

(a) square feet? 

(b) square inches? 


To measure long lines we use yards. 
To measure large areas we use SQUARE YARDS. 

A SQUARE YARD can be a square the sides of which 
each measures a yard. 

Which of these represents a SQUARE YARD? 


<—linch—» —~«—lfoor—» ~<—lyard—» ~<—I/mile—> 


34 ¢ 
(b) SQUARE 
INCHES. 


We measure very big areas in SQUARE MILES. 

A SQUARE MILE can be a square. 

What would be the length of each side of the square? 
(a) a mile 

(b) a yard 

(c) a foot 

(d) an inch 


If we use inches to measure length, then what sort of 
inches do we use to measure area? 


Which is the bigger—a square inch or a square foot? 


39 


40 


4| 


42 


43 


44 


45 


46 


Which is the bigger, a square foot or a square mile? 
Is a square mile bigger than a square yard? 


If a square had an area of | square inch, how long would 
each side measure? 
l inch 2inches 3 inches 4 inches 


If a square had an area of | square foot, how long would 
one side be? 


| foot | square foot | square yard | square inch 


If a square measures | inch along each side, what would its 


area be? 
l inch | square inch | square foot | square yard 


If a square measures | foot along each side, what would 
its area be in square feet? 


If a square measures | mile along each side, what would 
its area be in square miles? 


Here is a square. 

It is two inches long and 
two inches wide. 

It has been divided into 
small squares, each of 
which is a square inch. 


< 2 inches 


How many small squares, 
each a square inch, does 
it take to make the big 
square which is 2 inches 
long and 2 inches wide? 


(a)! (b+)2 (3 4 


Soyrul Z 


47 <2 inch 


Here is the same square 
again. 

You said it took 4 small 
squares, each a square ~ 
inch, to make the big 
square. 

Because of this we say the 
area of the big square is _ 
4 square inches. 


2 inches ———___»» 


In what do we measure area? 
(a) inches (c) cubic inches 
(b) square inches (d) round inches 


48 3 inches 


Here is a 
rectangle. 

It has been 
divided into 
square 
inches for 
you. 


2inches 


Remember, the area is the number of ALL the square 
inches it takes to make the rectangle. Count the square 
inches. 

Is the area of the rectangle— 

(a) 3 square inches? (c) 6 inches long? 

(b) 2 square inches? (d) 6 square inches? 


47 
(b) SQUARE 
INCHES 


49 € 


w 


Here is another rectangle divided into square inches. 
Remember, ” stands for inch or inches. 3 
What is the area of the rectangle? 

(a) 4 square inches (c) 8 square inches 

(b) 2 square inches (d) 8 inches long 


eee ei ee siiciasee os 


On a sheet of tracing paper 6 inches square, measure off 
inches from each corner along all four sides. Then with 
ruler and pencil join opposite points to make a grid. It 
will look like this one, only of course it will be bigger. 


= |"— > 


a 


| 


You now have a measuring grid. If you measure the 
squares, you will find each one is | inch long and | inch 
wide. So each square has an area of | square inch. 

You can use this grid to measure the areas of bigger 
shapes. 


© 
When your grid is ready, move on to frame 50. 
REE 


50 Place the grid over the shape below and move it until the 
lines on the grid cover the lines at the edge of the shape. 
Now count all the squares it takes to cover the shape 
completely. This will be the area of the shape in square 


inches. 


w 


What is the area of this rectangle? 


5I On squared arithmetic pa 


A 2in 
B min 
C 6in 
D 5in 


. long and 3 in. 
. long and 3 in. 
. long and 2 in. 
. long and 2 in. 


per, draw these r 
wide; 
wide; 
wide; 
wide. 


ectangles: 


Find the area of each one by using your grid. 


a NICHES 


Area 8 square inches 


Suppose this rectangle is 4 inches long and 2 inches wide. 
Then its area will be 8 square inches. 

What do we do with 4 and 2 to get 8? 

Do we— 

(a) add? (b) subtract? (c) multiply? (d) divide? 


Area 6 square inches 


Suppose this rectangle is 3 inches long and 2 inches wide. 
Then its area will be 6 square inches. 

What do we do with 3 and 2 to get 6? 

Do we— 

(a) add? <b) subtract? (c) multiply? (d) divide? 


lo MULTIPLY 


54 


55 


Area 9 square inches 


Suppose the area of this rectangle is 9 square inches. 
‘What numbers should we multiply together to get the 
answer 9 square inches? 


Suppose this rectangle 
is 3 inches long and 

4 inches wide. 

Then its area will be 12 
square inches. 

‘What do we do with 3 
and 4 to make 12? 

Do we— 

(a) multiply? 

(b) divide? 

(c) add? 

(d) subtract? 


Area 12 square inches 


Area 6 square inches 


Suppose this rectangle is 2 inches long and 3 inches wide. 
Then its area will be 6 square inches. 

What do we do with 2 and 3 to get 6? 

Do we— 


(a) add? (b) multiply? (c) subtract? (d) divide? 


5 


a) MULTIPLY 


(Remember, ” means inch 
or inches.) 

To find the area of this 
square we multiply the 
length by the width. This 
gives us the number of 
square inches. 


What is the area of the square? 
(a) 2 inches long (c) 4 inches long 
(b) 2 square inches (d) 4 square inches 


56 


(b) MULTIPLY 


58 Area=length E 
x width. 


What is the 
area of this 
rectangle? 


i 


(a) 6 square 
inches 
(b) 3 square 

inches 
(c) 6 inches long 
(d) 5 inches long 


59 Here is a square. Suppose 
that it measures 2 feet 
long and 2 feet wide. 

It has been divided into 
smaller squares each of 
which is a SQUARE FOOT. 

2 feet | 

What is the area of the big square? 

(Count the small squares and remember that each one is 

a SQUARE FOOT.) 

(a) 4 square feet (c) 4 inches long 

(b) 4 square inches (d) 2 square feet 


2 feer 


60 Here is a rectangle. What is its area? 
A feet (Remember: Area=length 
x width.) 
(a) 12 square inches 
(b) 12 square feet 
(c) 7 square feet 
(d) 7 square inches 


3 feet 


6l To find the area of the rectangle we multiply length 


by ----- : 
What is the missing word? 
L aami 


62 If a rectangle is 2 inches long and 3 inches wide, will its 
area be 6 square inches? 


63 If a rectangle is 6 feet long and 2 feet wide, will its area 
be 12 square inches or 12 square feet? 


64 If a square is 4 inches long and 5 inches wide, what is its 
area? 
65 Sinches What is the area 
of this rectangle? 
$ 
2 
taal 
46 8 feet What is the area 
of this rectangle? 
2 
+ 
67 4 inches Is the area of this 
rectangle |2 square 
inches? 


3 inches 


Test | 
Find the areas of these shapes, without measuring. 


5 feet 


> 
2 inches 


3inches 


4 feet 


6 feet 


4 inches 


fa} 
6 inches 
7 feet 


Take your answers to your teacher. 


We will call one 
" Alpha and the other 
Beta. 


Here are two shapes. 


The area of Alpha is 2 square inches. 
The area of Beta is | square inch. 


If we put Alpha and 
Beta together we get a 
shape like this. The 
area of the whole shape 
Alpha will be the area of 
\ Alpha-+the area of Beta. 
What will the area of 
the whole shape be? 


| | square inch (c) 3 square inches 
(b) 2 square inches (d) 4 square inches 


69 ; 
te Here are two more 
shapes called Alpha 
Ama te y na hues, g 


If we put Alpha and 


= ee Beta together we get 
' a shape like this. 


2" Alpha 


The area of this shape will be the area of Alpha+the area 


of Beta. 
What is the area of the whole shape? h 
(a) 8 square inches (c) 8 inches long (c) 2 SQUARE 


(b) 7 square inches (d) 8 square feet INCHES 


70 Make yourself some squares and rectangles. (If you use 
squared arithmetic paper you will get them the proper 
shape.) 


Make six separate shapes A—F and on each one write its 
area. 

Make A I” long and I” wide—area | square inch. 

Make B 2” long and |” wide—area 2 square inches. 

Make C 3” long and |” wide—area 3 square inches. 

Make D 2” long and 2” wide—area 4 square inches. 

Make E 3” long and 2” wide—area 6 square inches. 

Make F 3” long and 3” wide—area 9 square inches. 


Take shapes B and D and put them together to make a 
figure like the one below. 


B 


lin. 


2 square inches 


D 


2 in. 


4 square inches 


Zin 


The area of the whole shape will be the area of B+the 
area of D. 


You know that B is 2 square inches and D is 4 square 
inches. 


What is the area of the whole shape? Is it— 
(a) 2 square inches? (c) 4 square inches? 
(b) 3 square inches? (d) 6 square inches? 


eee 


7| Use your shapes A—F to build up the shapes below and 
then work out the areas and write them down. 
Check them by using your grid. 


" 3" 


Try making up some more shapes of your own in the same 
i (d) 6 SQUARE 


way. 
INCHES 


2 e 4"_____» When we get a shape 
| like this we must first 
split it into rectangles. 
We then add the areas 
| of the rectangles 
together to find the 
area of the whole. 


2, This shape has already been split into 
| two rectangles, Alpha and Beta. 


— 2"—> 


Find the area of the whole shape. Is it— 
(a) 12 square inches? (c) 16 square inches? 
(b) 8 square inches? (d) 4 square inches? 


Find the area of this shape. It has already been split into 
two rectangles, Alpha and Beta. 


Is the area of the whole shape— 
(a) 18 square inches? (c) 14 square inches? 
(b) 8 square inches? (d) 20 square inches? 


74 Here is a shape. To find its area we must first divide it 
into two rectangles. ¢ 
Which two points would we join in order to split this 
~ shape into two rectangles? 


A 4" B 


2 


We would join— 
(a) F to D (c) D to B 
(b)AtoC  (d)G toD 


(c) 14 SQUAR 
INCHES 


75 You have found how to split this shape into two 
rectangles. 
Now find the area of the whole shape. 


s The area of the whole 


shape is— 

» (a) 10 square inches 
(b) 9 square inches 
(c) 12 square inches 
(d) 16 square inches 


7 


(4d) G TOD 


76 Which two points would you join in order to split this 
shape into two rectangles? Write down the two letters. 
A 8 


77 Do the same with this shape. Write down the two letters "i 
you would join to split the shape into two rectangles. X 
A B i 
x 
D 7 
« 
+ 
E 
H G 


This shape has been split into two rectangles, Alpha and i 
Beta, by joining C to G. ri 


To find the area of the whole shape, we find the area of > 
Alpha and the area of Beta and then add them together. i si 
What is the area of shape Alpha? 


! ' 


4 


79 What is the area of shape Beta in frame 78? 
a 


| 80 What is the area of the whole shape in frame 78? 


j 8l Here is another shape. Answer the questions in the same 
way. 


Sin. 


2in 


(a) What is the area of shape Alpha? 
(b) What is the area of shape Beta? 
(c) What is the area of the whole shape? 


2 in. 


6in. 
Find the area of this shape. Remember first to split it into 
two rectangles. Find the area of each rectangle and add 
them together. This will give you the area of the whole 


shape. 
What is the area of the whole shape? 
Is it— 
) (a) 10 square inches? (c) 24 square inches? 
(b) 14 square inches? (d) 20 square inches? 


83 


Now find the area of this shape in the same way. 
lin. i 


2in. 


4in. 


Is it— 
(a) 28 square inches? (c) 22 square inches? 
(b) 30 square inches? (d) 34 square inches? 


82 
(d) 20=$Q,. IN 


x 


83 


(0) 28 SQ, IN 


Test 2 


Find the areas of these shapes. 
4” 6 feet 


u 

o 
2 
+ 


6” 


Take your answers to your teacher. 


VOLUME 


To the Pupil 


Experiments 
Before you begin the second part of this programme, try 
out these experiments. 


Get a balloon, and a bucket full to the brim with water. 
Stand the bucket in a sink (or ask if you may take it 
outside), Blow the balloon half up, and push it carefully 
under the water without putting in your hand. Take out 
the balloon, and mark where the water now comes to on 
the side of the bucket. Fill up the bucket to the brim 
again. Blow the balloon right up and press it carefully 
under the water once more. Take it out and make another 
mark where the water is now. 

What do the two marks show? 

Get a cup full of water. Ask if you may take it out of 
doors. Throw the water into the air. Watch for it to 
land. Try again with the same amount of water. Does 
the water spread out in just the same way, or does it 
make a different pattern? 

Get a school milk bottle. Fill it with sand, then tip out 
the sand on to a clean piece of paper. Fill the milk 
bottle with water. Look carefully at the water in the 
bottle and at the sand. 


Do you think that the sand takes up as much space as 
the water? 


Before you read and answer any question, be sure that the next 
frames are covered by your mask 


l This cup was FULL of water. 
All the water is now spread on the SURFACE of the 
ground. 
Was there more water— 
(a) before it was spilt? 
(b) after it was spilt? 
(c) was the amount of water the same before and after it 
was spilt? 


ANSWER 


2 When the cup was full the water was all together. 
| When the cup was tipped up the water was spread out. 
| 
| THE SAME 
When did the water cover a greater AREA — aa AND 
(a) inthe cup? (b) on the ground? AFTER 


3 Look at the cup. 
It could hold some water. 
It has VOLUME. 
Look at the reflection of the saucer. 
It could not hold water. 
It has only a --—. 


4 One difference between a thing having AREA and a 


thing having VOLUME is that one of them only covers a 
surface. Is this— 


(a) the one having AREA? (b) the one having VOLUME? 


-S 


> 


5 Which has volume— 


the bottle? the blot? the shadow? 


6 Which has volume— 
the lid? 
the shadow? 


7 Which has area (think hard!)— 
the label? 
the shadow? 


8 The bottle can be filled with ink. 


It has v-----. 
ee SS eee 
9 In the bottle the ink stretched 3 ways: ( 


from side to side; 
from front to back; 
from top to ------—. 


wee a H 


10 Look at the shadow. It stretches 2 ways. 
It stretches from s--- -- s--- 
and from f——-- -- b---. 


wee O 


II The bottle has v -----. 
The shadow has a—— 


7 SU 


12 Here is a different way of showing area. 
This is a picture of am—-. 


13 But suppose the sea and the mountains were real. 
Would the sea have area only, or would it have volume as 


} well? i 


14 Look at the map again. 
The map has area, but it shows things that have volume, 
such as 


ee 


I5 Look at the picture. 
The balloon has some volume. 


The plastic jar has more volume. 
Is the plastic jar full? 


lé The liquid has volume. It does not fill the jar. 
Is its volume the same as that of the whole jar? 


I7 The jar would hold more liquid. ; 
Ve call the full inside volume of a container its 
PACITY (pronounced ca-pa-city). 


There is | pint of liquid in the jar. : 
Is the CAPACITY of the jar greater than | pint? 


| 19: The balloon has c----== y to take in more air. 
20 If the balloon is blown up, will it be— 
} (a) larger? 
(b) smaller? 


eee eee 


21 If the balloon is blown up, will it have more or less 
volume? 


22 The c------- of a balloon means how much air it will 


23 The balloon has volume. i 
Its shadow has a---. 


| 


24 The balloon is full of air, So the volume of air inside the 
balloon would be the balloon’s -------- x 


= 25 We must remember that the balloon has volume and it 
also has area. This is because the rubber surface of the 
balloon has an area. What about the shadow? Has it— 
volume? 
| area and volume? 
area only? 


LO S o 


26 If we burst the balloon and stretched out the skin tight 
and flat, we could measure it from side to side and front 
to back. We could not measure how deep it was. 

Is this last sentence true or false? 


| ee 


Let us revise. 


Such objects as cups, balloons, oceans, and buildings, 
have volume. 

Such things as shadows, flat surfaces, reflections, and the 
surface of the sea, have only area. 


Volume can be measured three ways. 
Area can be measured two ways. 


Now answer this question in your notebook. 


SEE 


27 In the picture above: 
(a) name one object having volume and area; 
(b) name something only measurable in area. 


Spee tee i AE y j 


28 Object A measures: 
| inch side to side; 
| inch back to front; 
| inch top to bottom. | 

Object B measures: ] 
| foot side to side; 
| foot back to front; 
and has no top to bottom measurement. 

Which object has volume? 


29 First look carefully at the picture in frame 15. 
Now look at the photograph above. 
The balloon is in the liquid. 
(a) Is the liquid higher than before? 
(b) What has made it higher? 
The ~ ~~~ of air in the balloon. 
Write down the word in your notebook. 
Te 


30 If we blew the balloon up more and pressed it right into 
the liquid in the same way, would the liquid— 
(a) rise higher? 
(b) go lower? 


C a 


31 Did the liquid rise in the jar— 
(a) because it was hot? 
(b) because the balloon had volume? 
(c) because the balloon was flat? 


32 Remember that there is a difference between the volume | 
an article takes up and its capacity. | 


For example; a milk bottle will always have a volume | 
outside and a capacity inside. It measures more outside 
than it does inside. 


Is the bottle in the picture filled to capacity? 


33 It is a pint bottle, so it has in it— 
about | pint? l 
just over 4 pint? 


34 We could say that in the bottle there is just over 4 pint 
volume of liquid. 
If we put in the sand instead, it would come to exactly the 
same height as the liquid. 
What volume of sand is there— 
| pint? » 
just over 4 pint? 


35 We measure liquid volume in pints and quarts and gallons, 
but it can be measured in other ways. The same is true of 


sand—or sugar. 


What is the capacity of this bottle to hold sand? (How 10ST OVER 


much sand will it hold?) L PINT 
4 


in what other way could we measure the sand, if we had 
some scales? 35 
1 PINT 


BY WEIGHT 

A R ? 
Could we measure what weight of liquid is in the bottle? IN POUNDS 
OR OUNCES 


Here is a measuring jug. 
You can see it shows two 
ways of measuring the 
volume of liquid (or sugar, 
or flour, or sand). 

One is by o-—---- , 
the other is by p -- ts. 


IY. een 


39 Remember, the contents of the jug are still liquid in 


volume. If we tipped the liquid all out it would spread 
over a large --—-. 


40 Here are the jar and the jug again. Each has just | pint in it. 


These two containers are not the same shape. 
Have they the same volume of water in them? 


Let us revise again. 

If an object has volume it can be measured three ways: 
side to side; 
top to bottom; 


The block in the picture in frame 41 measures |” along 
each side 
So it measures: 

I” side to side, 

I” top to bottom, 

I” front to back. 


Look at the shaded face. 
Remember the shaded face is just an AREA. 


So it is I” x I”=1 inch. 


But ALL the block has volume. 

It measures |” x I” x I”. 

How many ways is it measured — 
| way? 
2 ways? 
3 ways? 


4/ 
FRONT TO 
BACK 


42 


SQUARE 


44 


46 


47 


This block measures I” x I” x I”. 
It is a CUBE. (It has six faces. Count them.) 


It can be measured |” side to side, I” back to front, |” top 
to bottom. 


So it measures |” x I” x I”= -— cubic inch? 
(If you get the answer wrong, show it to your teacher at once.) 


The block is called a~-—~—- and measures — cubic inch. 


Here are two 


Each has sides of | inch. So each cube measures — cubic 
inch. 


le 


48 So here we have altogether — cubic inches. 
acu eee 


49 If we separated the cubes, would there be— 
2 cubic inches altogether? 
| cubic inch altogether? 
4 cubic inches altogether? ; : 
i O E a E 


50 if we put the cubes together again, what volume do they 
make up? 
EEEE i ~~ eee 
5| Here are the — cubic inches again. 


Each measures — cubic inch. 


52 When placed side by side as in the photograph, they 
measure: 
I” top to bottom; 


1” 


front to back. 
How much from side to side? 
e 
53 So we say I” x I” x2” is the cubic measurement. 

| What does this work out to be? 
i A O 
54 So our twœ cube inches put together work out to be: 

e haal ees HT 


ee 


55 


56 


57 


58 


59 


60 


6l 


How many cubic inches are there in the picture? 


There are 4-----: ------ . 


If each side of each block measures |”, then when they are 
placed together (as in the photograph in frame 55) what 
do they measure— 

(a) from side to side? 

(b) from front to back? 

(c) from top to bottom? 

Answer all three questions. 


To find the cubic measurement of all 4 cubic inches 
together we work out: 
wx Zx “= = ? 


Therefore we have — = 


Look again at the picture in frame 55. 
What has both volume and area— 

(a) the shadow? 

(b) one of the blocks? 


What has area only? 


62 How many cubic inches are shown in the picture? 
me o 
63 The volume of the blocks is 4 cubic inches: 
side to side=2” $ 
front to back=2” 
top to bottom= |” 


How do we get the answer 4 cubic inches— 


(a) by adding? 
(b) by multiplying? 


i ? 
How many cube inches can you see in the picture! 


64 


65 


66 


67 


68 


69 


70 


ee 


71 


How many cube inches are you unable to see? 


How many cube inches are there altogether? 
So here we have — cubic inches. 


Each block is a I” cube. 


When put together as in the picture above, what do they 
measure— 


(a) from top to bottom? 
(b) from side to side? 

(c) from front to back? 
Answer all three questions. 


So we work out the cubic measurements by saying 
2x2” x2" = =f 


One of the items in the photograph above can be 
measured in area only. 
What is it? 


Here we have - ----- inches. 


72 There are 8 cubes, each | cubic inch, which means we 
must have 8 cubic inches. 
When they are together like this, how can we work out 


the answer in numbers? 8 CUBIC JNCHES 


We ee 


2” x2" x2 gives us—what? 
8 CUBIC INCHES 


74 This photograph has been taken from immediately above. 
In it you can see only | layer of inch cubes. (This means 
that the cubes are only | deep.) i 

How many cubic inches are there? 8 CUBIC INCHE 


75 


78 


79 


What do the cubes shown in the photograph measure— 
(a) from side to side? 

(b) from front to back? 

(c) from top to bottom (layer)? 

Answer all three questions. 


How do we work out the answer— 
YEP KW == 2 


Because there is only | layer of blocks we have —— cubic 
inches. 


The photograph has been taken from immediately above, 
but you are told that there are 2 layers of inch cubes. 
How many cubic inches can you see? 


How many cubic inches are you unable to see? 


@ 


83 


There are 12 cubic inches you can see and 12 cubic inches 
you cannot see. 
So altogether there are — cubic inches. 


How can we work this out? 
4x3x- 


Work out the answer. 


Because the blocks are 2 high we have — - cubic inches. 


Look back at the picture in 
frame 40. 

What volume of water is 
there in this jar? 


85 The cubes in the picture 
take up about | pint 
of volume. 
They stretch 3 deep from 
front to back. 
How many cubic inches are 
there? 


86 Look at these photographs. Now work out how you 
could CHECK the volume of the box if you had a ruler. 


Now go on to the examples on the next page. 


Problems 


Try to answer the following questions before checking 
your answers (printed at the end of the book). 


Draw a box which measures 2 inches by 3 inches at the 
top, and is 2 inches deep. 
What is the volume of the box? 


A CUBE has one side 10 inches long. 

What is its volume? 

(If you find this question hard to answer, try to draw a 
cube like this on a blackboard.) 


A box of chocolates has a volume of 36 cubic inches. ; 
If it is 6 inches long and 2 inches high, how wide must it 
be? 


Suppose that we had a pint of milk, a square plastic box 
with transparent sides so that we could see in, anda 
ruler. 

How could you work out what was the volume of a pint 
of milk in square inches instead of as a pint? 


Answers to Tests on Area 


Test | Test 2 

A 6 square inches A 12 square inches 
B 20 square feet B 24 square feet 
C 24 square inches C 16 square inches 
D 42 square feet D 23 square inches 


Answers to Problems on Volume 


A box 2 inches wide by 3 inches long and 2 inches deep 
measures: 

23x 2=12 cubic inches. 
This means that the box would just hold 12 inch cubes 
and that its volume was 12 cubic inches. 


If a cube has one side 10 inches long, then all its sides 
are 10 inches long and the cube would measure: 
10x 10x 10=1,000 cubic inches. 


The box of chocolates measures 36 cubic inches. 
6 inches times 2 inches is 12 inches, so we need to divide 
the 36 by 12 to find the last side. The answer is 3 inches. 


Pour the milk into the box. Measure the height, the 
width, and the depth of the milk. Then you can work out 
the volume. In this way you can measure a pint in cubic 
inches if you want to do so. 


